INTRODUCTION
The feed coal used in power plants contains various elements organic constituents, inorganic contents such as naturally radioactive potassium, and minerals with inclusion of trace elemental uranium and thorium, each with various physiochemical characteristics in regard to the decay products, their associated half-lives, decay modes, decay energies, leachability etc. About 2.3 × 10 9 kg of this highly caloric form of coal is required in modern plants to produce 1GW of electrical energy, also yielding of the order of 3×10 6 kg ash [1] . Some 40% of the world energy demand is fulfilled by coal -fired power plant [2] .
In various thermal power plants the combustion of coal results in the release of some natural radioactivity which consequently increases the radioactivity in soil,water and atmosphere around thermal power plants. As the radon in the atmosphere, soil, ground water, oil and gas deposits contributes the largest fraction of the natural radiation dose to populations, so tracking its concentration is fundamental for radiation protection, health and hygiene point of view [3] . There has been an increasing demand for electricity generation throughout the world with the ever-increasing growth in human civilization. With the increasing demand for electricity, coal plays an important role in electric power generation worldwide [4] . After the combustion of the coal in the boiler, 20% of the ash is collected at the bottom of the boiler called bottom ash and 80% is carried along with flue gases called fly ash. Bottom ash is mixed with water and made into sludge form and sent through pumps into the ash ponds. The ash from this power plant is mainly used in producing cement and other building materials or aggregate in stabilizing roadways [5] .
With the advancements in the industrial and technological growth and applications, a general awareness has also arisen regarding the deleterious side effects of the same and has a role to play as lifeline. In some industrial units coal, is used as fuel. The coal combustion in industrial units is associated with the dispersal of radionuclides in the environment. The activities of radionuclides discharged in the atmosphere from coal depend on a number of factors such as activity concentration in coal, ash content in coal, temperature of combustion and efficiency of the filtering systems etc. In the production of electric power, coal is burnt in furnaces operating at temperature upto 1700°C and by this process most of the mineral matter in the coal is fused into vitrified ash. A portion of ash and incompletely burnt organic matter drop to the bottom of the furnace as bottom ash or slag. The fly ash, however, is carried through the boiler along with the hot flue gases to the stack where some fractions are collected while the rest escape in to the atmosphere. Thermal Power Stations add to environmental degradation problems through gaseous emissions, particulate matter, fly ash and bottom ash. Ash content being in abundance in Indian coal, problem of fly ash and bottom ash disposal increase day by day. The fly ash generated in thermal power station causes many hazardous diseases like Asthma, Tuberculosis etc.
The people living within 5 km radius of coal based power plant suffer from respiratory ailments. Initially, perceptions of objectionable effects of air pollutants were limited to those easily detected like odour, soiling of surfaces and smoke stacks [3] . Bangladesh has a good amount of coal deposit in its territorial area. Especially the northern part of the country is rich in coal deposit. It has five discovered coal mines namely Barapukuria, Phulbari, Khalashpir, Jamalganj and Dighipara and all these mines are located in the northern region of the country. But only the Barapukuria coal mine is currently under production. The coal extracted from these mines is used in various purposes including power generation, burning in the brick fields and so on [6] . The Barapukuria 2×125 MW coal-fired thermal power plant authority is always using the coal extracted from Barapukuria coal mine nearby the plant as feed coal for their power generation system. The system produces two types of coal ash namely bottom ash and fly ash which are being mixed with the environmental elements specially with the sorroundings soil and water.
Moreover, contamination may happen in the surrounding environmental elements such as soil and water and so on due to the leaching of radionuclides due to power generation activity. There is no available data on the radioactivity contents in feed coal, bottom ash and fly ash radiological impact of these samples and power plant on people and environment of Bangladesh. Therefore, this study was designed to conduct a thorough study on the radionuclide contents and radiological implications on the power plant workers, public and environmental elements. Fig. 1 shows the location map of the study area. METHODS AND MATERIALS
STUDY AREA
Dinajpur is an administrative district under the Rangpur Division and is situated in the Northern part of Bangladesh. Barapukuria power Plant site is located in flat land of the Northwestern "corner" of Bangladesh at about 45 km east of the district headquarters of Dinajpur, 20 km east to the border of India. The north-south gauge railway passes through the east part of the site.The site is located about 1 km north of the coal mine mouth under construction.The only large industrial area nearby is this coal mine including its residential complexes.The nearest town is Phulbari, a Thana (Upazila) headquarter as primary administrative center of the country. Phulbari is located about 6 km south of the site.
SAMPLING LOCATIONS
A total of 12 samples namely; 4 feed coal and 8 ash samples; were collected from inside of the power plant area. Eight ash samples were divided into two groups namely; bottom ash and fly ash samples. These samples were collected during the whole day on 9 July 2013. Location coordinates of the Barapukuria 2×125 MW coal fired thermal power plant are latitude 25 º 33´N and longitude 88 º 57´E.
SAMPLE COLLECTION AND PREPARATION
It was stated in earlier section that 4 feed coal samples and 8 ash samples were collected from inner area of the power plant .Four feed coal samples were collected from four different coal deposit inside the power plant area. Bottom ash and fly ash samples were collected from four different places and were marked as BA-1, BA-2, BA-3, BA-4 and FA-1, FA-2, FA-3, FA-4, respectively.
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SAMPLE PROCESSING
After the collection of feed coal, bottom ash and fly ash samples, they were transported and preserved at the sample preparation laboratory of the Health Physics and Radioactive Waste Management Unit, Bangladesh Atomic Energy Commission (BAEC), Savar, Dhaka. The samples were then cleaned and dried in the sun and crushed into fine powder by using a grinder except ash samples and collected after passing through 400 µm mesh screen. The homogenized samples were then dried in an oven at about 110˚C for about 24 hours and the weights of the samples were recorded using an electrical balance. The homogenized samples were then transferred to sealable cylindrical plastic containers of 7 cm height and 5.5 cm in diameter, marked individually with identification parameters e.g, name and location of the sample, date of preparation and net weight. All the containers are then sealed tightly with an insulating tape around their neck and stored for about 30 days to attain radioactive secular equilibrium between 226 Ra and its daughter products.
EXPERIMENTAL SET UP
The detection and measurement of radionuclides in the samples were carried out by gamma spectrometry system using a vertical coaxial cylindrical high purity germanium (HPGe) detector of 172 cm 3 active volume and with 40% relative efficiency. The p-type HPGe detector supplied by CANBERRA (Model-GC4020), had a resolution of 2 keV at 1332 keV of Cobalt-60 gamma-ray line. The detector was coupled to a 16 k-channel analyser. The spectra of all samples were perfectly analysed using Genie-2000 spectra analysis software (which matched various gamma energy peaks to a library of all possible radionuclides) to calculate the concentrations of 238 U,
232
Th and 40 K. The detector was enclosed in a cylindrical shielding container made of lead and iron with 11.3 cm thickness, 51 cm height and 28 cm internal diameter and having a fixed bottom and moving cover to reduce the external gamma-ray background. All the samples were counted for 10 ks. prior to the measurement of the samples, the environmental gamma background at laboratory site was determined with an identical empty Marinelli beaker and plastic container used in the sample measurement. 
CALIBRATION OF THE DETECTOR
In the present study the calibration for the efficiency of the detector was performed by standard source of solid matrices prepared using 226 Ra standard solutions. The standard source was prepared using identical container used for the measurement of the samples, e.g., 180 ml plastic container for solid samples. The preparation process of standard sources had been reported elsewhere [8] . The detector efficiency calibration curves as a function of energy for solid matrices are shown in Fig. 2 . The energy calibration of the detector was performed by using 137 Cs and 60 Co point sources. 
THEORETICAL BACKGROUND
THE ACTIVITY CONCENTRATIONS
The activity concentrations (A) of each radionuclide in the collected samples were determined by using the following standard equation [9] : A= cps/(E×I×W) 
ABSORBED DOSE RATES
The external outdoor absorbed gamma dose rates due to terrestrial gamma rays from the nuclides 226 
OUTDOOR ANNUAL EFFECTIVE DOSE
The absorbed dose rate was converted into annual effective dose equivalent by using a conversion factor of 0.7 SvGy -1 recommended by the UNSCEAR 2000 and 0.2 for the outdoor occupancy factor by considering that the people on the average, spent 20% of their time in outdoors [11] . The effective dose due to natural activity in the collected samples was calculated by:
RADIUM EQUIVALENT ACTIVITY
In order to assess the health effects from the radioactivity of the earth's surface materials containing 238 U, 232 Th and 40 K, the activity of these nuclides is converted into a single quantity termed the radium equivalent (Ra eq ). The radium equivalent activity is a weighted sum of activities of 226 
EXTERNAL HAZARD INDEX
The external hazard index (H ex ) is the indoor radiation dose rate due to the external exposure to gamma radiation in construction materials of dwelling which was calculated by [13] . (3), and (5).
III. RESULTS AND DISCUSSIONS
The results of the present study on the two types of samples are summarized in following sections. K) are shown independently in Fig. 3 , Fig. 4 and Fig. 5 
ACTIVITY CONCENTRATION IN FEED COAL SAMPLES
ACTIVITY CONCENTRATION IN BOTTOM ASH SAMPLES
RADIOLOGICAL INDICES
In order to assess the health effects, the radiation hazards such as absorbed dose rate (D), outdoor annual effective dose (E), radium equivalent activity (Ra eq ) and external hazard index (H ex ) have been calculated from the activity concentrations of 226 Ra, 232 Th and 40 K using the equations (3), (4), (5) and (6), respectively and the values are shown in Table 4 .
From Table 4 , it is seen that absorbed dose rate due to the terrestrial gamma rays at 1m above the ground were in the range of 21.66 to 34.62 nGyh -1 with an average 26.34 nGyh -1 for feed coal samples and those for bottom ash samples were 57. 13 for bottom ash samples, and 151.37 Bqkg -1 for fly ash samples. However, all the values obtained here for radium equivalent activity fall far below the limit of 370 Bqkg -1 [10] .The mean value of external radiation hazard index was 0.16 for feed coal samples, 0.46 for bottom ash and 0.68 for fly ahs samples which all were comparable to the unity indicating the non-hazardous category of the samples. The values of hazard indices confirmed that it was safe to carry out the activities in the area for the power plant workers, general people and there were no yet significant radiological impact of coal mining on the environment. But the sample code FA-1 shows the value of external radiation hazard index is unit so it is not safe for the environmental elements as well as power plant workers and general people. 
IV. CONCLUSION
The radionuclide contents, activity concentrations and radiological impact of the feed coal, bottom ash and fly ash samples collected from the Barapukuria coal fired thermal power plant in Dinajpur district of Bangladesh and its adjacent areas were investigated in the present study. The results indicated that only the natural radionuclides were present in the samples. The radioactivity concentrations of 226 Ra, 232 Th and 40 K were relatively higher than the world average values except in feed coal samples. The calculated average absorbed dose rates were found higher than the worldwide average values for both the bottom ash and fly ash samples. The radium equivalent activity (R eq ) in all the samples were less than the world average value and the obtained external hazard (H ex ) indices were far below the unity (except in FA-1). The lower values of radiological indices indicated that there is no probability of immediate health effect on workers and public due to natural radioactivity present in the samples. The environment under current study adjacent to the power plant area is somewhat contaminated for fly ash due to the power plant activities [6] .
